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Agenda

* Nondestructive evaluation (NDE) at NASA Langley

* NDE for Moon and Mars

Getting there
On-surface activities

* Uncrewed space exploration
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National Aeronautics & Space Administration




NASA Internships, Fellowships:

https://intern.nasa.gov/

NASA Jobs:

https://www.usajobs.gov

NASA STEM Engagement

INTERN

Being an astronaut isn’t the only cool thing about space. Interns use their
creativity and innovation to work on projects impacting NASA's mission, such
as returning to the Moon by 2024. As a NASA intern, you will be part of an
amazing team that is dedicated to space exploration. You will work with
leading experts and gain valuable experience as you participate in research
and mission projects. Come dream with us and change the future. Applicants
for this internship must be U.S. citizens.

CLICK HERE TO APPLY TODAY!

Lid
Connect with NASA Internships

For technical issues with completing your application:
Please contact: NASA-Internships Help Desk

EXPLORE NASA INTERNSHIPS
> Meet Our Interns

> Virtual Career Fair

> Learn more about Artemis
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https://intern.nasa.gov/
https://intern.nasa.gov/
https://www.usajobs.gov/
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NASA Langley Research Center
National Resource for Aerospace R&D
Since 1917



Nondestructive Evaluation Sciences Branch 8

* Primary Role: Serve as the research

NDE branch at NASA Development of unique solutions using state-of-
the-art NDE technologies such as Eddy Current,
 Work across spaceflight exploration, Ultrasound, Thermography and X-ray CT
aeronautics, space technology * Emerging NDE Technologies

Development of unique NDE technologies such as

[ J
24 Personnel Terahertz, wavefield imaging, nonlinear

* Researchers, technicians, support staff ultrasound, Raman spectroscopy
*  Physicist, Engineers, Mathematician * Physics-Based Modeling
Development of both computational and analytic

models

Development of advanced analytic methods to
interpret large complex data sets and machine
learning algorithms

* SHM Sensor Implementation and Interrogation
Development of advanced methods of applying
and interrogating sensors for structural health
monitoring




Reaching The Moon And Mars Faster With NASA Technology

Rapid, Safe, and Efficient Expanded Access to Diverse Sustainable Living and Working Transformative Missions
Space Transportation Surface Destinations Farther from Earth and Discoveries
Advanced Landing
Advanced Propulsion A&\}f“ Communication Heavy Payloads
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Moon and Mars

U.S companies delivering scientific
instruments and technology demonstrations to lunar
surface

* Gateway, in orbit around the Moon, will support human
and scientific missions

* Human landers take astronauts to the surface of the
Moon

* Space Launch System rocket and Orion spacecraft to

Examples of concept landers from

build the Gateway and transport astronauts to and from Blue Origin, Ceres robotics, Sierra
Nevada Corp. (others can be
Earth. found at:

https://www.nasa.gov/press-
release/nasa-announces-new-
partnerships-for-commercial-
lunar-payload-delivery-services



https://www.nasa.gov/press-release/nasa-announces-new-partnerships-for-commercial-lunar-payload-delivery-services
https://www.nasa.gov/press-release/nasa-selects-experiments-for-possible-lunar-flights-in-2019
https://www.nasa.gov/feature/nasa-calls-for-instruments-technologies-for-delivery-to-the-moon
https://www.nasa.gov/feature/questions-nasas-new-spaceship
https://www.nasa.gov/press-release/nasa-announces-new-partnerships-for-commercial-lunar-payload-delivery-services

~ Artemis Support i Artemis Support

Artemis Suﬁport o
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- First ground truth of polar crater volatiles
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Getting There: Orion & Space Launch System

s _—
ST ] NASA’s Space Launch
: System (SLS) rocket
with the Orion
spacecraft aboard atop a
mobile launcher at
Launch Complex 39B.

, _
!-\’l' 4l

L/ NASA completed stacking
Oct. 21, 2021, of the agency's
Space Launch System rocket
and Orion spacecraft for the
Artemis | uncrewed mission
around the Moon.
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NDE for Orion and SLS



Orion — Thermal Protection System

Artemis | - Orion module, Oct. 2021




Orion: Terahertz Imaging

 Terahertz -~ Milli- Microwave
.metre and Radio

Avcoat — Ablative heat shield
Very low thermal conductivity
Very low electrical conductivity
Highly attenuates Ultrasound
Requires single-sided inspection

Terahertz Inspection of the
Manufacturing Demonstrator Unit at the
Fabrication Facility



Space Launch System

Launch Abort System
Crew Module
Service Module
Encapsulated Service Module Panels
Spacecraft Adapter \

Orion Stage Adapter \ 3
\ 6 Orion Multi-Purpose
oy

N ’ Interim Cryogenic
N4 Propulsion Stage

Solid Rocket »
Booster (2) \ /\
&Y

Crew Vehicle

.

— Launch Vehicle Stage Adapter

— Core Stage

Rs-2s 7 ¢
Engine (4) : =
E._‘I. ."_i
SLS Block 1

Artemis Block 1 integrated SLS and Orion:

322’ tall, 5.75 million pounds, will produce 8.8 million pounds thrust

(15 percent more than Saturn V)

!




Artemis 1 - SLS Core Stage
* |nspection for voids in the RT455 ablator materials
in the aft end of the rocket.




Examples of inspection samples containing voids:

* RT-455 is a mix of resin and cork material
* %" voids were easily detected, %" voids 80% detected

Terahertz image
“C-Scan” format:

it

Void layer is at ~1/4” thickness,
close to the aluminum plate mounting

Full sample thickness ~3.125”

POC: Eric Burke and Eric Madaras
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SLS RT-455 inspection:

» Surface effects (dents, pits, bumps, scratches) leading to signal
anomalies

e After significant data analysis and data collection, no
conclusive evidence of any large voids

POC: Eric Burke and Eric Madaras



Lunar Gateway

* Multi-purpose outpost orbiting the Moon that will provide essential support
for long-term human return to the lunar surface

 Serve as a staging points for deep space exploration

Gateway




Gateway

* Potential future opportunity to test health monitoring (in-situ
NDE) sensor systems
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Ultrasonic Leak Location System tested on International Space Station



Once we get there:

* Crewed moon and mars missions will require infrastructure such as
habitats to enable surface activities — especially for longer missions

i

T T é Pt | [ o2 =T RS

lllustration, Lunar South Pole Artemis Base Camp



ARTEMIS PREPARES FOR MARS

" Foundation Surface Habitat Expanded habitation capability

- Gateway augmented and Habitable Mobility Platform added to Gateway to enable Mars mission
- Expanding the range - with international habitat  delivered to complete ~ Mars mission dress rehearsal _dress rehearsal with
,;,Z}'n of surface exploration for increased capabilities - Artemis Base Camp at the Moon ~longer in-space
4 ‘ and ISRU demonstrations ' . ' N . ' . and surface duration:

Testing landing and
ascent capabilities

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

MULTIPLE SCIENCE AND CARGO PAYLOADS | INTERNATIONAL PARTNERSHIP OPPORTUNITIES | TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MAR



Moon to Mars Planetary Autonomous Construction ”@‘%”5
Technologies (MMPACT)

* Goal: On-demand capabilities to protect astronauts and build infrastructure
on the lunar surface with

* Raw lunar regolith with binder materials (such as calcium, sulfur, aluminum,
magnesium, and others) to create extruded materials

* Directed energy methods, such as microwave sintering, laser sintering, and
high temperature methods for melting and sintering regolith?

More details: Clinton, Raymond G., et al. "Overview of
NASA's Moon-to-Mars Planetary Autonomous Construction
Technology (MMPACT)." ASCEND 2021. 2021. 4072. SEArch
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In-Situ Manufacturing with Lunar Regolith: NDE

* NDE can aid initial materials down select

Extruded materials — mixing binders with lunar regolith ('lunar
concrete’ type approach)

Sintered materials —applying high heat to lunar regolith

* NDE on the moon:
Autonomous inspections
Monitoring during manufacturing
Inspection post-manufacture




MMPACT: Ongoing Activities



Material Inspectability Assessment

Through-transmission Thermography for
MMPACT regolith beam sample:

* Midwave IR camera opposite the heat

source
* The frame rate was 15 Hz and 92,051 frames were acquired.

Infrared
Camera

Quartz lamp heat source directed onto
sample

* Temperature rise on back surface ~165 C

Camera captured the front surface
temperature.

The inspection image was produced using a
curve fit to a 1-dimensional thermal model.

POC: Joseph Zalameda




Material Inspectability Assessment

Results

* Inspection shows three largest B Top of Sample
void defects T ——

* Good surface emissivity and
thinner samples or near surface
voids

Thermal Diffusivity Inspection Image 0.07 cm/sec

* Single sided thermal
inspection data processing
ongoing

0.8” diam

* Additional samples expected

POC: Joseph Zalameda Void Defects



Millimeter Wave Imaging

* NASA SBIR Phase 2: Texas Research Institute and
lowa State University

* Millimeter wave synthetic aperture radar (SAR)
imaging system.

* High-resolution 3D images

* 8linear arrays, each containing 32 transmitting and
32 receiving antennas (512 total) and performs multi-
static measurements.

TRI and ISU’s multi-static imaging array developed in the Phase Il SBIR effort

* Operation frequency range of 24-40 GHz. consisting of 8 linear arrays, each with 64 antennas.
* Cross-range resolution (lateral directions) of ~2.5

mm and along-range resolution of ~g9.4 mm (depth
direction) in air (increases in dielectric)

* Imaged a high-temperature reusable surface SEERERSEEE

insulation (HRSI) tile sample with simulated e
micrometeoroid and orbital debris strike damage.

* Using the SAR algorithm, 2D image slices from the
3D data, at several relevant depths were generated. : 3 .
* Under investigation for MMPACT project (a) HRS tile attached to a honeycomb composite panel with simulated MMOD
damage and 2D slices of the Ka-band (26.5-40 GHz) 3D SAR image at several

depth levels; (b) surface of tile, (c) 20 mm deep, (d) 30 mm deep, and (e) bottom
NASA POC: Cy WilSOn, ISU POC: DOYle Motes surface of the tile.

a.) b.) G} d.) e.)



Characterization of Lunar Regolith

Properties of the lunar regolith affect the resulting construction material

Knowledge of properties as-measured on-surface could guide changes to
manufacturing process (e.qg., selected heating)

Lunar regolith simulant testing guides on-surface analysis options

Raman Spectroscopy
* vibrational modes of a molecule excited by inelastic light
scattering
* allows chemical identification for the sample

In-use by NASA to aid other off-planet chemical

identification applications, such as Mars Perseverance Rover ~ Raman measurementsona

composite sample
POC: Eric Tucker



Benchtop Raman Data for Lunar Simulant Samples %

Goal: Determine whether Raman spectroscopy can identify main minerals in lunar regolith
System: Benchtop commercial system, 20o0mW laser power used

Measurement details:
* Measured two different lunar regolith simulant samples: Lu-LHT-4M and OB1A

* Collected 5x5 points across a small area of sample underneath microscope

LU-LHT-4M sample, OB:}A s?mple,
optical image optical image

o o

—

POC: Eric Tucker



Lunar Simulant Samples

Clear peaks ObSEI’VEd in some I_'U-LHT (lunar highlands type) OB1A (olivine-bytownite) sample
measurements 14000

Some peaks obscured due to background

Benchtop system generally able to
identify some primary constituents in raw
lunar simulant and lunar simulant-based
construction material (not shown here)

Next steps:

Repeat the above testing with portable
Raman instrument in development at
LaRC

Plagioclase (light yellow shaded region),
Olivines (light blue shaded region),
Pyroxenes ( ), and
Unidentified species (light green shaded
POC: Eric Tucker region)



« On-demand wire-feed additive
manufacturing with dissimilar alloys

 Potential for for on-orbit applications

« Thermal monitoring for direct feedback
loop to guide the manufacturing process
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In-space Manufacturing

* Currently heavy reliance on X-ray Computed Tomography (CT) for inspection of
additive manufactured components for spaceflight

* NASA Goddard is leading investigation of X-ray CT for in-space environment
Non-funded partnership with North Star Imaging

* Concept development and trade studies on CT in different environments
(including on-orbit, lunar, and Martian)

POC: Justin Jones, GSFC
https://ntrs.nasa.gov/citati
A «_ S 0Nns/20210019431

showing inspection of lunar basalt sample 10057.3. CT
could be used to assess % volume of relative compositions, 5
porosity/tortuosity, and much more.

3SFC x-ray Computed Tomography (CT) system (NSI X 5000] §



https://ntrs.nasa.gov/citations/20210019431

Uncrewed Space Exploration: Solar Sail ’%

* Solar sails employ the pressure of sunlight for propulsion, eliminating the need for
conventional propellant.

* Deployable composite booms are 75% lighter and experience less in-space thermal
distortion compared to thin-shell metallic booms.

NASA's ACS3 solar sail, goo square feet
(8o square meters), uses 23-foot (7-
meter) booms.




Composite Boom Inspection

* 7 meter composite booms

* Custom eddy current probes created
with 3 coil and 4 coil conformal designs
to scan flange and transition regions

* 100% of visible cracks were detected

* Some regions without visible cracking
also flagged as regions of interest
* Will continue to monitor during roll-
up tests




Robotic Space Activities

* On-orbit Servicing, Assembly, and Manufacturing (OSAM)
Servicing —repair, replace, refuel -
Assembly — launch individual components and robotically assemble in space
Manufacturing — fabrication of components in space as needed

Illustration for OSAM-1 (short for On-orbit
Servicing, Assembly, and Manufacturing 1)
concept, a robotic spacecraft equipped with the
tools, technologies and techniques needed to
extend satellites' lifespans

Demonstration: 2025+ timeframe




Mars Sample Return (MSR)




MSR: NDE

Inspections help assess the quality of the path finder articles for the MSR Earth Entry
Vehicle (MSR-EEV) to confirm and optimize MSR structural configurations.

* Quality of the composite structure assessed via:

* Flash thermography, x-ray computed tomography (CT), Ultrasound (UT) and
Creaform coordinate measurement system.




We have a goal to create a blueprint for
sustained human presence and exploration

throughout the solar system...
~Pam Melroy, NASA Deputy Administrator




Thanks to:
oshua Brown . EXPLOREMO@NMARS,._v".
Eric Burke MOON LIGHTS THE WAY s |

Patricia Howell

Justin Jones

Peter Juarez
Eric Madaras Useful resources:
Doyle Motes 1. https://ntrs.nasa.gov/citations/20210019431 — by
Peter Takunju Justin Jones GSFC
Eric Tucker 2. Clinton, Raymond G., et al. "Overview of NASA's

_ Moon-to-Mars Planetary Autonomous Construction
Cy Wilson

Technology (MMPACT)." ASCEND 2021. 2021. 4072.

Joseph Zalameda _ _
3. https://www.nasa.gov/specials/artemis/



https://ntrs.nasa.gov/citations/20210019431
https://www.nasa.gov/specials/artemis/

